Thrombin induces partial secretion (up to 60%) of -N-acetyl-D-hexosaminidase (EC 3.2.1.52) from untreated platelets. Preincubation of platelets with 10 mM NH4Cl for up to 2 hr resulted in a time-dependent and marked stimulation of thrombin-induced secretion of both this enzyme and other acid glycosidases from platelets. The enhancement of the thrombin-induced secretion was not due to cell lysis, and NH4Cl alone did not cause leakage of lysosomal enzymes into the medium. The effect could be reversed by reincubating the platelets in NH4CI-free medium. Stimulation of thrombin-induced secretion also was produced by a series of aliphatic primary amines from methylamine to butylamine, and by micromolar concentrations of chloroquine. The effect of weak bases on platelets appeared to be quite specific for enhancing lysosomal enzyme secretion. Thrombin-induced secretion of adenine nucleotides from dense granules and of 1&thromboglobu-fin from a granules was slightly enhanced by NH4CI but was slightly inhibited by methylamine. The only direct effect of the weak bases on platelets was the displacement of serotonin from dense granules. Accumulation of weak bases in acidic pools in the platelets (e.g., lysosomes) might, therefore, be responsible for the enhanced secretion of lysosomal enzymes. By using controlled digitonin-induced platelet lysis, it was found that preincubation of platelets with NH4CI lowered the digitonin concentration required for enzyme solubilization. We suggest that loading of lysosomes with weak bases dissociates already bound enzyme inside the lysosomes, resulting in a more effective discharge upon stimulation by thrombin.
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Platelets are the richest known source of lysosomal enzymes (1) (2) (3) , which have been demonstrated to be stored in primary lysosomes (4) . Platelets secrete lysosomal enzymes from their stores in response to stimuli such as thrombin or collagen (5) . The abundance of activated platelets at sites of vascular injury (6) and inflammation (7) makes platelets a potentially important source of lysosomal enzymes acting locally in the vascular system. In addition to lysosomes, platelets contain two other types of granules whose contents are secreted upon activation: dense granules and a granules (8) . Secretion from these different granules has different physiological effects. Thus, (i) secretion of adenosine diphosphate from granules is important for the propagation of platelet aggregation and aids hemostasis (9, 10) , (ii) secretion of platelet-derived growth factor from a granules initiates wound repair (11, 12) , and (iii) secretion of acid hydrolases from lysosomes promotes clearing of platelet aggregates (13, 14 (15, 16) . In contrast, secretion of lysosomal enzymes is slow, never reaches completion, and is induced only by certain platelet stimuli (15) (16) (17) . Platelets resemble other lysosomal enzymesecreting cells such a neutrophils, in that even at maximal agonist concentrations, only a fraction of a given lysosomal enzyme is secreted (18) .
Little is known about what distinguishes secretion from lysosomes as compared to secretion from dense granules and a granules. Secretion of lysosomal enzymes from platelets in vitro is always accompanied by secretion of dense granule and a granule components. However, despite the higher agonist requirement for secretion from lysosomes compared to dense granule secretion, both platelet responses appear to have the same sensitivity to cytosolic calcium (19) .
There is ample evidence that lysosomes are acidic inside, which is essential for their function (20-25, 27, 42) . It was, therefore, of interest to study the effect of perturbation of the intralysosomal pH on the secretion of the lysosomal contents. It has been shown that weak bases such as ammonium chloride, methylamine, and chloroquine, are concentrated in the lysosome (26) , resulting in neutralization of its contents (27, 28 tTo whom reprint requests should be addressed.
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through Sepharose CL-2B (31) . Ammonium chloride, chloroquine, methylamine, ethylamine, propylamine, and butylamine were obtained from Sigma, and were added to platelet-rich plasma or to platelet suspensions from 100-fold concentrated stock solutions that were adjusted to pH 7 where S designates the enzyme activity in the supernatants and T designates the enzyme activity in the total uncentrifuged platelet suspension.
Acid Hydrolase Assay. f-N-Acetyl-D-hexosaminidase (/3 hexosaminidase; EC 3.2.1.52) was measured fluorimetrically by a modification of the method described (33) . Namely, 75 ,ul of 4 mM 4-methylumbelliferyl 2-acetamido-2-deoxy-3-Dglucopyranoside in 0.1 M sodium phosphate/sodium citrate buffer (pH 4.5) containing 0.2% human serum albumin (Sigma) was mixed at 37°C with 50 ,ud of sample. After a 12-min incubation at 37°C, the reaction was stopped by addition of 2.5 ml of 0.1 M glycine/NaOH, pH 10. Lactate Dehydrogenase Assay. Lactate dehydrogenase was assayed according to a micro-modification of the method of Wroblewski and LaDue (34) . Thus, 260 Al of 0.2 M sodium phosphate buffer (pH 7.3) was mixed with a 200-Al sample and 20 Al of NADH (Boehringer Mannheim; 2.6 mg/ml, freshly prepared) and the absorbance at A280 was measured at room temperature. Then, 20 Al of sodium pyruvate (Sigma; 2.5 mg/ml) was added and the rate of the decrease in optical density was taken as the enzymatic activity.
Digitonin-Induced Cell Lysis. Controlled digiton-induced cell lysis is a rapid technique for separating soluble from granular components in hepatocytes (35) and in platelets (36) . Ten-fold concentrated digitonin (Calbiochem) stock solutions were prepared in calcium-free Tyrode's solution. Gel-filtered platelet suspensions (0.9 ml) were preincubated for 5 min at 37°C and subsequently incubated with digitonin (0.1 ml; for final concentrations see Table 4 ) for 1 min at 37°C. The suspensions were centrifuged for 2 min at 10,000
x g and 0.5 ml of supernatant was collected for assay of solubilized enzymes as described above.
Other Methods. The amounts of ATP and ADP secreted from platelets (dense granule constituents) were determined in ethanolic extracts by a luciferase method (37) . ,B-Thromboglobulin (low affinity platelet factor 4, an a granule constituent) was measured by radioimmunoassay (38) .
RESULTS
Incubation of gel-filtered platelets with 10 mM NH4Cl for 2 hr did not cause acid hydrolase secretion by itself. However, thrombin-induced 3-hexosaminidase secretion was greatly enhanced (Fig. 1 ). While thrombin (2 units/ml) induced 509-60%o secretion in control platelet suspensions, virtually complete secretion of 3hexosaminidase was obtained after the platelets had been incubated with 10 mM NH4Cl for 2 hr. Because the effect of NH4Cl was most pronounced at intermediary thrombin concentrations, experiments to further study the observations in Fig. 1 were carried out with 1-2 units of thrombin per ml.
The time course of the effect of NH4Cl is shown in Fig. 2 . At zero time, NH4Cl had no discernible effect on thrombininduced 3-hexosaminidase secretion. However, the secretion was progressively enhanced, up to 2-fold, over 90 min. On the other hand, in the absence of NH4Cl, thrombin-induced lysosomal enzyme secretion decreased. Thus, the true enhancing effect of NH4Cl was 3-fold at the end of the incubation.
The effect of NH4Cl was found to be reversible. As shown in Table 1 , reincubation of NH4Cl-treated platelets in NH4CI-free medium restored the level of secretion to that of untreated platelets.
Potentiation of ,3-hexosaminidase secretion also was observed when platelets were incubated with short-chain primary aliphatic amines at a 10 mM concentration (Table 2) . Gel-filtered platelets in calcium-free Tyrode's solution were prepared as described. Gel-filtered platelets (25 ml; 130,000 cells per j1) were incubated with 10 mM NH4Cl at room temperature for up to 120 min. At indicated times, 0.5-ml samples were taken, ,3-hexosaminidase secretion was induced with thrombin at 1 unit/ml (final concentration). At zero time, 3-hexosaminiddse secretion in throthbin-incubated platelets was 34% ± 2% in the presence, and 34% ± 4% in the absence of NH4Cl, respectively. Indicated are means ± SD (vertical bars) for secretion experiments carried out in triplicate.
The aliphatic amines were slightly more potent than NH4Cl in stimulating ,-hexosaminidase secretion. Chloroquine, at a concentration of 30 AM, potentiated 3-hexosaminidase secretion induced by 1 unit of thrombin per ml from 51% + 1% up to 72% 2% (mean SD, experiments in triplicate).
Electron microscopical.inspection of platelets exposed to 10 mM NH4Cl for 2 hr showed some pseudopod formation, but no sign of platelet activation, such as granule centralization, vacuolization, or swelling. After addition of thrombin to platelets that had been preinicubated with NH4Cl, identical ultra~tructural changes took place compared to those observed in normal control platelets.
The effect' of NH4Cl on the thrombin-induced secretion of platelet enzymes other than /3-hexosaminidase is shown in Table 3 . As with P3-he.Nosaminidase, secretion of 3glucuroni-idase and f-galactosidase was enhanced. In contrast, a-mannosidase secretion wasnoot enhanced. Acid phosphatase and lactate dehydrogenase were not secreted by thrombin, regardless of whether the platelets had been preincubated with NH4Cl.
The effect of weak bases on dense granule and a granule secretion from platelets wds assessed using either NH4Cl or methylamine. Since the lysosomotropic agents caused leakage of serotonin from the platelets (see below) but not leak- . Gel-filtered platelets (150,000 cells per /.d) were exposed for 2 hr to 10 mM NH4Cl or to 10 mM methylamine. /3-Hexosaminidase secretion induced by thrombin (0.1 unit/ml) was stimulated from 9%o to 40% by NH4Cl and to 56% by methylamine. Maximal secretable adenine nucleotide was 43% of the total adenine nucleotide content in platelets. Maximal secretable 3-thromboglobulin was 89%o of the total 3-thromboglobulin content in platelets. Supernatants of control platelets incubated with or without weak bases contained 1% of the total adenine nucleotide content and 3.5% or less of the total ,B-thromboglobulin content. Data shown are for one platelet suspension and are representative of two other experiments using different platelet suspensions. A, Platelets incubated with 10 mM methylamine; o, control platelets; z, platelets incubated with 10 mM NH4Cl.
tion of P-hexosaminidase in the cytoplasm or in nonsecretory vesicles.
The effect of weak bases was dependent on the duration of their incubation with the platelets and was fully reversible, consistent with the idea that intracellular accumulation of weak bases is required to cause enhancement of lysosomal enzyme secretion. All three secretory granules in platelets are possible target sites for weak base action. Direct evidence for penetration of weak bases in dense granules is provided by our finding that preabsorbed [14C]serotonin leaks from the platelets during incubation with weak bases. This is in agreement with previous findings that dense granules are acidic inside (39) and that ammonia liberates serotonin from intact isolated granules (40) . Weak bases also may accumulate in a granules. It recently was demonstrated that these granules may contain an ATP-dependent proton pump (41) and, therefore, should be able to trap weak bases. However, in our studies, thrombin-induced secretion from dense granules and a granules was only slightly affected by weak bases 93 95 Gel-filtered platelets (400,000 cells per ul) were either untreated (control) or exposed for 2 hr to 10 mM NH4Cl at room temperature. Samples of the suspension were exposed to a series of digitonin concentrations and the solubilized B3-hexosaminidase was assayed. The extent of enzyme solubilization is expressed as % of total enzyme activity, as measured in an uncentrifuged platelet suspension exposed to 1 mM digitonin. The data shown are mean values obtained using one platelet suspension and are representative of two other experiments using different platelet suspensions. and a consistent marked stimulation was observed only for lysosomal enzyme secretion.
This observed specificity of the effect of weak bases on platelet secretion and the well-known concentration of weak bases inside lysosomes suggests that modification of the intralysosomal milieu is the mechanism by which the weak bases work. This was tested by examination of the intracellular binding of lysosomal enzymes in intact platelets exposed to weak bases using controlled digitonin-induced cell lysis. Digitonin is a glycoside exhibiting detergent-like properties by complexing with free cholesterol in cell membranes (35) . f3Hexosaminidase was rendered soluble at lower digitonin concentrations when the platelets were incubated for 2 hr with 10 mM NH4CI, indicating that less membrane disruption is required for ,-hexosaminidase solubilization. Without preincubation, the effect of NH4Cl on enzyme solubilization was negligible. This indicates that prolonged exposure of platelets to NH4Cl dissociates lysosomal enzymes from binding sites inside the platelet and is in keeping with the time dependence of the effect of NH4Cl on thrombin-induced ,-hexosaminidase secretion.
It has been shown by Ohkuma and Poole (27) that the intralysosomal pH in intact cells increases within a few minutes after addition of the weak bases, then the accumulation of weak bases continues, presumably reflecting the action of an ATP-dependent proton pump (42) (43) (44) . The kinetics of the effect of NH4Cl on f3-hexosaminidase secretion from platelets are thus more consistent with accumulation of NHW inside the lysosomes rather than an effect only on the intralysosomal pH.
The stimulation of secretion by weak bases appeared to be specific for lysosomal enzymes. While NH4Cl stimulated ,B3hexosaminidase, 3-galactosidase, and 3-glucuronidase secretion 2-to 3-fold, a-mannosidase secretion was not affected. This is in line with findings of others (45) that the secretion of a-mannosidase is kinetically distinct from that of /3-hexosaminidase. Thus, the effect of weak bases may be of help in distinguishing lysosomal enzyme secretion from secretion of enzymes from other cell compartments.
To our knowledge, weak bases are unique in stimulating agonist-induced acid hydrolase secretion specifically. Cytochalasin B also stimulates acid hydrolase secretion from platelets (46) . Cytochalasin B is thought to function by disrupting microfilaments, which facilitates the movement of granules to the plasma membrane. As would be expected with such a general mechanism, cytochalasin B stimulates not only acid hydrolase secretion, but also dense granule secretion from platelets (46) .
A number of other possible explanations of the observed effects of weak bases were explored. Exposure to weak bases had no effect on resting platelets, except for the leakage of serotonin. Electron microscopy revealed that the plasma membrane and granules in NH4Cl-treated platelets were intact. The levels of adenine nucleotides, /3-thromboglobulin, lactate dehydrogenase, and a variety of acid hydrolases in unstimulated platelets were not affected by the weak bases. As demonstrated here, dense granule and a granule secretion were only slightly affected. Also, we did not find any effect of NH4Cl on thrombin-induced platelet aggregation or thrombin binding to platelets, and the adenylate energy charge was unchanged (unpublished observations).
It is known that prolonged exposure of cells to high concentrations of weak bases leads to extensive vacuolization (47, 48), a decrease in cellular ATP levels (49) , and loss of lysosomal enzyme contents (50, 51) . Under these conditions, the effect of weak bases on cellular reactions probably extends beyond their selective effect on lysosomes. Since this paper was submitted, a report of the effect of weak bases on neutrophil degranulation has appeared (52) . In this study, weak bases were found to suppress lysozyme secretion from stimulated neutrophils. Whether this represents a diminished interaction of the cell stimulants with their target sites, a reversal of the known secretion-enhancing effect of cytochalasin B, a reduction in cellular ATP available for secretion, or an intralysosomal effect cannot be decided because all of the secretion reactions studied were depressed by weak bases (52) .
In conclusion, we show here that thrombin can induce complete secretion of fhexosaminidase if the platelets are pretreated with NH4Cl. An attractive explanation for the enhancement caused by weak bases is provided by the finding that weak bases cause dissociation of lysosomal enzymes from intragranular binding sites. Thus, the extent of intragranular binding of lysosomal enzymes may regulate their extent of secretion from cells.
